INTRODUCTION
Power supply subharmonic ripple in this paper means any significant ripple frequency in the power supply output which is below the fundamental output ripple frequency and above the power supply roll-off frequency. Generally, but not alwavs, the subharmonic frequency is locked to and a multiple of the line frequency.
There are direct and indirect causes of subharmonic ripple (SHR). The In practice the previous assumption for G(s) does not hold at all frequencies of interest. At some frequency G(s) is no longer constant either due to the particular firing circuit employed, the sampling nature of the SCR converter, or the power circuitry used in the SCR converter. Further explaination is necessary. In one test, a low power twelve phase, star-connected SCR converter was built using linear ramp and comparator-type firing circuits which have excellent frequency characteristics. In measuring G(s) from DC to 240 Hz no appreciable phase shift was measured as would be expected from consideration of the sampling nature of the SCR converter. When the same firing circuits were put into a .5MW, 120 power supply with interphase transformers, phase shifts of -12°, -24°, and -35°were measured at 60, 120, and 180 Hz respectively at one operating point. Figure 3a and simplified in 3b. Figure 3c shows where the tuned feedback network (represented by A7) was added to remove the 60, 120, and 180 Hz ripple. The voltage regulator is further simplified in Figures 3d, 3e , and 3f. Figure 3f shows that for ripple attenuation, the tuned feedback circuits appear to be exactly in parallel with the voltage regulator feedback circuit. The main difference between the feedback loops is that the tuned circuits provide negative feedback at the subharmonic frequencies and the original feedback loop does not. The phase shifts reported in the previous section were used to calculate circuit stability and performance for this application.
EXPERIMENTAL RESULTS
A module called the Ripple Reduction Module (R2 module) incorporating tuned feedback circuits was built which could be easily added to a Transrex power supply as shown in Figure 3c . In order to use the bandpass circuits as described in these pages, the SCR firing circuit input should be an analog signal and the firing circuits should have a good frequency characteristic. For good operation, the firing circuits and power section should have a phase shift less than 450 at the subharmonics frequencies being attenuated. If a power supply is programmed to produce a step response the tuned feedback circuits can cause some ringing in the power supply output much like a tuned passive filter at the power supply output could cause. Application to a dual converter with circulating current is the only case observed thus far where ringing occurred in the output for a step input. Normally, power supply ramp rates are reasonable and overshoot is not a problem.
